Introduction
Mesoporous molecular sieves M41S with uniform pore sizes exceeding 20 Å and surface areas reaching 1000 m 2 g -1 have proven to be valuable architectures for applications in heterogeneous catalysis, notably the genesis of solid acids and associated organic transformations. [1] [2] [3] [4] Among mesoporous silicas, SBA-15 has attracted considerable attention due to its large and tunable pore dimensions, thick walls and hence good hydrothermal stability, and flexible adaptation into hierarchical frameworks. 5 Despite the lack of lattice defects, limited redox or basicity/acidity of pure SBA-15, such physicochemical properties can be readily modified through the introduction of inorganic and/or organic species either into the silica framework or over its surface to generate new catalytically active sites. [6] [7] [8] [9] [10] [11] [12] Various transition metals can be introduced into the siliceous frameworks, 1, 13 including vanadium to yield vanadia-functionalized mesoporous MCM-41 13 and SBA-15 14,15 frameworks for oxidation and acid catalysis, 14, [16] [17] [18] with high-valent vanadia species increasing SBA-15 acidity. 19, 20 A high concentration of vanadium, in a range of oxidation states, can be incorporated into SBA-15 without destroying the mesoporous framework. 1 Indeed, vanadium functionalized mesoporous silicas (e.g. V-SBA-15, V-MCM-41, V-MCM-48, V-MCF) often exhibit uniform pore sizes and high surface areas, and consequently a high density of accessible (and welldefined) active VO x centers. 9, [21] [22] [23] [24] [25] [26] [27] Direct incorporation of metal ions within the silica framework of SBA-15 is challenging and requires strong acidic conditions, 9, 28, 29 and the majority of such approaches employ post-synthetic grafting of SBA-15 and/or complex experimental conditions; new approaches to introduce and control the oxidation state of vanadium within mesoporous SBA-15 are therefore desirable. In this context, vanadium(V) oxytri-tert-butoxide (OV(Ot Bu) 3 )
is known to generate V 2 O 5 clusters under acidic conditions and hence offers a means to attach isolated, tetrahedral vanadium(V) species to silica surfaces via Si-O-V bonds. 9 The loading, cluster size and oxidation state of various transition metals is known to strongly influence the activity of doped silica catalysts. 30 that V incorporation into the sol-gel step had minimal impact on the mesopore structure. The small micropore contribution is often observed in the cooperative self-assembly route employed
in this work, in contrast to true liquid crystal templating routes which offer reduced microporosity. 45 Amine-grafting, and subsequent HPA incorporation, significantly lowered the surface area and total pore volume relative to VO x /SBA-15, and eliminated microporosity, yet had negligible impact on the mean mesopore diameter. These changes indicate that both postfunctionalization steps induced substantial pore blockage. Crystallinity was subsequently probed by low ( Figure S1 ) and wide angle (Figure 2) XRD. All three samples exhibited a broad feature between 2θ = 18° and 30° characteristic of the amorphous silica framework. In addition, the parent VO x /SBA-15 exhibited sharp, but weak, 
which must co-exist as a discrete phase, and not within the SBA-15 pore network. However, the low intensity of these V 2 O 5 reflections relative to the background indicates that only a small proportion of the 3.7 wt% vanadium incorporated is present in these large crystallites, with the remainder presumably present in smaller particles or clusters (< 2 nm and hence below the instrumental sensitivity limit) dispersed throughout the SBA-15 pore network as depicted in Scheme 2. These reflections were lost following amine functionalization and anchoring of HPA, mg. The effect of reaction temperature on the condensation of benzaldehyde, indole, and malononitrile was also studied (Figure S5) , revealing a maximum around 50 ºC, with a decrease at higher temperature associated with formation of the undesired by-product bis(indolyl)methane.
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The catalytic activity of the components constructing (Table 3) , from which it is evident that only TiO 2 modified clinoptilotite offers a comparable yield to that of our supported HPA system. 50 20 95 M A N U S C R I P T conditions the E-factor is calculated below at 0.13. This compares very favorably with alternative literature systems for the same reaction (Table S1) Table 4 demonstrates that high yields were obtained for most of the aromatic aldehydes, with electron-withdrawing groups affording slightly enhanced yields of 78-95 % (entries 1-7) relative to electron-donating groups (73-76 %, entries 8-9). Reaction conditions are provided in Table 1 .
A C C E P T E D ACCEPTED MANUSCRIPT
A plausible reaction mechanism for the reaction of benzaldehyde, indole, and malononitrile is shown in Scheme 3, beginning with a Knoevenagel condensation to form (I) via nucleophilic addition of malononitrile to the carbonyl group of the aldehyde. The indole may subsequently react with (I) through a Michael addition to afford the desired 2-((1H-indol-3-yl)(phenyl)methyl)malononitrile product. We propose that the heteropolyacid protonates the M A N U S C R I P T
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carbonyl of the aromatic aldehyde thereby increasing its Lewis acidity: electron-donating substituents deactivate the aldehyde to nucleophilic attack by the malononitrile, while in contrast electron-withdrawing groups activate the aldehyde carbonyl.
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Scheme 3. Plausible mechanism for the synthesis of 3-substituted indoles.
Conclusions
A bifunctional, mesoporous solid acid catalyst was synthesized incorporating both vanadate and 
Experimental
General information
Starting materials and solvents for catalyst synthesis were from commercial sources and utilized as obtained, with the exception of VO(Ot Bu) 3 which was prepared according to the literature. 
Characterization
Morphologies of the prepared materials were observed with a Mira 3-XMU Field emission scanning electron microscope (FE-SEM). Crystallinity was evaluated by powder X-ray diffraction (XRD) on a PW1800-PHILIPS diffractometer with Cu K α radiation (λ = 1.5418 Ǻ) at 40 kV and 30 mA. Fourier transform infrared (FT-IR) spectra were recorded on an 8700
Shimadzu Fourier Transform spectrophotometer between 400 to 4000 cm −1 employing samples diluted in KBr pellets. Thermogravimetric and differential thermal analysis (TGA-DTA) was performed on a Bahr STA-503 instrument in air at a heating rate of 10 °C/min −1 . Ultravioletvisible (UV-Vis) spectra were obtained on a Shimadzu Model UV-2550 spectrophotometer.
Melting points were recorded on a Bamstead electrothermal type 9200 melting point apparatus. 1 H-and 13 C-NMR spectra were recorded on a Bruker AVANCE 300 MHz spectrometer using TMS as an internal reference. Elemental analysis was performed with a Thermo Finnigan Flash- Axis HSi photoelectron spectrometer equipped with a charge neutralizer and magnetic focusing lenses, employing monochromatic Al K α radiation (1486.6 eV) with energy referencing to the C 1s peak at 284.8 eV.
Preparation of VO x /SBA-15
Vanadium modified SBA-15 was prepared using tetraethylorthosilicate (TEOS, Sigma Aldrich 99 %) as a silica source and Pluronic P123 (Mav= 5,800, Sigma Aldrich) as a structure directing agent, and vanadium(V) oxytri-tert-butoxide as the vanadium precursor. Incorporation of vanadium alkoxide in the siliceous framework was achieved in-situ. In a typical synthesis, P123
(3.0 g) was dissolved in deionized water (69 mL) to obtain a transparent solution; separately TEOS (6.9 g) was added to deionized water (20 mL), and the resultant mixture added dropwise to the surfactant solution and aged at 40 °C for 10 min. The desired quantity of vanadium alkoxide (3 and 6 mmol) was then introduced to the aged mixture to obtain a nominal V:Si molar ratio of 10. An appropriate amount of 0.30 M aqueous HCl was then added to adjust the pH to 3.
Finally, the resulting blend was stirred for 2 h at 40 °C and then transferred to a Teflon lined autoclave and heated to 100 °C for 48 h. The resultant precipitate was filtered, washed with deionized water until a neutral filtrate was obtained, and dried at room temperature overnight.
The organic surfactant was removed by calcination in static air at 540 °C (ramp rate 3 °C/min) for 6 h to yield the mesoporous VO x /SBA-15 (I). 
Surface modification of VO
